Results
For the physical function outcome (n = 16 077), neither the finasteride main effect nor the finasteride interaction with time were statistically significant. The effects of finasteride on physical function were minor and accounted for less than a 1-point difference over time in Physical Functioning scores (mixed-effect estimate = 0.07, 95% confidence interval [CI] = −0.28 to 0.42, P = .71). Comorbidities such as congestive heart failure (estimate = −5.64, 95% CI = −7.96 to −3.32, P < .001), leg pain (estimate = −2.57, 95% CI = −3.04 to −2.10, P < .001), and diabetes (estimate = −1.31, 95% CI = −2.04 to −0.57, P < .001) had statistically significant negative effects on physical function, as did current smoking (estimate = −2.34, 95% CI = −2.97 to −1.71, P < .001) and time on study (estimate = −1.20, 95% CI = −1.36 to −1.03, P < .001). Finasteride did not have a statistically significant effect on the other two dependent variables, mental health and vitality, either in the mixed-effects analyses or in the cross-sectional analysis at any of the three time points.
Conclusion
Finasteride did not negatively affect SF-36 Physical Functioning, Mental Health, or Vitality scores. J Natl Cancer Inst 2012;104: [1373] [1374] [1375] [1376] [1377] [1378] [1379] [1380] [1381] [1382] [1383] [1384] [1385] Research addressing the effect of finasteride, an inhibitor of 5α-reductase (the enzyme that converts testosterone to dihydrotestosterone), on health-related quality of life has been conducted primarily in the context of two medical conditions: benign prostatic hyperplasia and alopecia. Three studies that addressed the effects of finasteride on benign prostatic hyperplasia (1-3) were generally well-powered, with a measurement focus on disease-specific symptoms; improvement associated with finasteride was observed for disease-specific symptoms (except for sexual function) and impact on daily activities or bother items. Less change was observed in these studies for more general measures of health-related quality of life, such as global health-related quality of life, life satisfaction, and worry or concern. Two small studies addressed the impact of finasteride on depression among patients treated for alopecia: one study reported moderate to severe depression or mood disturbance in 19 of 23 patients (4); the other, a single-arm study with 144 patients, reported a statistically significant increase in two measures of depression (ie, more depression) 2 months after treatment with finasteride (5) . However, the results of the alopecia studies were preliminary and require confirmation in more patients.
The Prostate Cancer Prevention Trial (PCPT) was a 7-year double-blind, placebo-controlled randomized trial of finasteride as a preventive agent for prostate cancer (6) (7) (8) (9) . There was a 24.8% reduction in the prevalence of prostate cancer over the 7-year trial duration associated with finasteride treatment (9) . In that initial report (9) , finasteride was associated with increased sexual dysfunction; however, a subsequent publication demonstrated that the level of sexual dysfunction was minimal and decreased over time (10) .
Given the sparse data regarding long-term finasteride use and health-related quality of life, we felt that it was important to monitor this outcome in the PCPT. We have previously reported the baseline health-related quality of life of men who entered the PCPT (11) and on changes in sexual functioning according to PCPT study arm assignment (10) . In this report, we examine the effect of finasteride treatment on health-related quality of life, with particular focus on physical function results, over the course of the 7-year study. In this article, we refer to the physical function domain as measured by the Physical Functioning scale.
Subjects and Methods

Participants
The PCPT enrolled 24 482 men between October 13, 1993 , and January 9, 1997. After a 3-month placebo-only run-in period, 18 882 men were randomly assigned to finasteride or placebo. Study criteria required that men were aged 55 years or older at randomization; additional inclusion criteria are described in the primary article (9) . The PCPT protocol and consent forms were approved by the institutional review board of each participating research site, and all men who participated in the PCPT provided written informed consent. Figure 1 shows the CONSORT diagram for the sample of participants considered in this analysis of health-related quality of life. The analysis examined the 7-year longitudinal change among PCPT participants in three health-related quality-of-life domains: physical function, mental health, and vitality. However, because results for the mixed-effects models for the three domains were similar, we present only the physical function mixed model results and cross-sectional results. To be included in the physical function analysis, participants were required to have had all covariates measured at time of enrollment (age, race, body mass index, smoking status, Physical Functioning Scale, Mental Health Scale, Vitality Scale, Bodily Pain Scale, education level, marital status, diabetes, hypertension, American Urological Association Symptom Index score, Sexual Activities Scale score, leg pain, and congestive heart failure); in addition, a minimum of two postrandomization Physical Function measures were required. These constraints yielded a sample size of 16 077 participants (Figure 1) .
Participants completed questionnaires about their health-related quality of life at enrollment, at 6 months after randomization, and annually for 7 years; health behavior covariates were collected at enrollment only (11) . Health-related quality-of-life outcome measures and covariates are briefly described below; more detailed information can be found in other publications (9) (10) (11) .
Health-Related Quality-of-Life Outcomes and Study Covariates
Health-related quality of life was a secondary endpoint in the PCPT (11) and was measured by the Short Form-36 questionnaire (SF-36) (12) (13) (14) (15) . The SF-36 allows calculation of eight scales representing different physical and mental health areas (including the Physical Functioning, Mental Health, Vitality, and Bodily Pain scales used in this analysis) and two overall summary measures produced by The characteristics of these participants are described in Table 1 . A total of 16 077 participants had the following characteristics and were included in the Physical Functioning analysis: a Physical Functioning enrollment score and a Physical Functioning score available for at least two subsequent time points. Tables 2 and 3 include all participants who submitted a specific Health Survey Short Form-36 at each time point.
JNCI | Articles 1375 jnci.oxfordjournals.org combining the scores on the eight different scales. The individual scales were preferred over the summary measures for this analysis because each represents a single health area; we wanted to assess potential changes due to treatment over time in each health area without having a negative change in one area obscured by a positive change in another. Individual scales are based on responses to different numbers of questions (range = 1-10 questions). The Physical Functioning and Mental Health scales were considered primary outcomes for this analysis because they could reflect the impact of finasteride on two key aspects of health-related quality of life, and they have excellent measurement properties (12) (13) (14) (15) ; the Vitality scale was examined as a secondary outcome. We also considered the SF-36 Physical Functioning, Mental Health, Vitality, and Bodily Pain measures as covariates. Each SF-36 measure was scored on a 
Statistical Methods
Questionnaire submission rates were calculated for each treatment arm by dividing the number of questionnaires submitted by the number of participants who were expected to complete the questionnaire.
Scores for each SF-36 scale were calculated according to the instructions provided in the SF-36 manual (14) . A hierarchical model was ultimately selected for this analysis. Each participant had a curve fit to his scores over time, and then the parameters of the curve were modeled using covariates of interest. The fit of the curve and modeling of covariates were performed simultaneously as a mixed-effects model, with the curve parameters as random effects and the covariates as fixed effects, using SAS software (version 9.2; SAS Institute Inc, Cary, NC). This method assumes the random effects follow a normal distribution and that missing data are missing at random. The discussion of how these assumptions were tested follows.
Non-normally Distributed Data and Curve Selection. Mean values for the Physical Functioning, Mental Health, and Vitality measures were high in the PCPT population (see Table 2 ), and the individual scales were slightly skewed. Plots of individual scale trajectories over time generally appeared linear. Therefore, two different curves were considered: a hockey stick model (21) , using all scores for a participant over time (pretreatment [enrollment] and posttreatment) with a parameter for a posttreatment change in slope, and a model using posttreatment scores to fit a line with the pretreatment (enrollment) score used as a covariate. The normality of the curve parameters was assessed for each model type.
Results of these preliminary models suggested that the line using the enrollment score as a covariate was more appropriate for the physical function outcome; there was no difference between the models for the mental health outcome. For all three measures, the curve was fit as a line using the enrollment score as a covariate. The analysis set for each measure was composed of men with an enrollment score and at least two postenrollment scores (necessary to estimate the intercept and slope of the line for each participant).
Effect of Missing Data on Model.
To determine whether the presence of missing data was biasing estimates of the effect of finasteride * The primary reason for missing forms was a participant going off the assigned prevention agent, including men who were diagnosed with prostate cancer during the trial and men who died. Questionnaire submission rates were calculated for each treatment arm as the number of questionnaires submitted divided by the number of participants expected to complete the questionnaire (ie, the number on study long enough to reach specific assessment point). † If more than 2 items omitted, the Physical Functioning score is not usable. ‡ If more than 1 item omitted, the Mental Health score is not usable. § If more than 1 item omitted, the Vitality score is not usable.
‖ Due to early trial closure, approximately 300 participants completed a final questionnaire at 6 y 6 mo or at 6 y 9 mo instead of at 7 y.
JNCI | Articles 1377 jnci.oxfordjournals.org vs placebo on health-related quality-of-life outcomes, we compared model coefficients for two sets of participants: the analysis set (those who had all covariates and at least enrollment and two follow-up Physical Functioning scores [n = 16 077], and those who had enrollment and all follow-up assessments [n = 9194]). Model coefficients for these two sets of participants were similar (data not shown). In addition, we applied multiple imputation (using the data present to repeatedly estimate missing values of the covariates and response values). Models with data missing at random are expected to produce stable parameter estimates in multiple imputation as well as estimates that are relatively similar to those produced by running the model on the analysis set. Multiple imputation produced very stable estimates that were similar to (ie, well within the 95% confidence intervals of) the parameters estimated when running the model on the analysis set (data not shown). The comparison of the models on the analysis set and the set of men with all assessments available, and the stable results of multiple imputation, suggest that the missing-at-random assumption is reasonable.
Covariate Selection. Our selection of covariates was based on our review of the literature and suggestions from the members of the PCPT Quality-of-Life Advisory Committee. As a result of these deliberations, we identified primary and secondary sets of covariates. Time on study appears in all models (continuous variable, ranging from 0 at 6 months after randomization to 6.5 at 7 years after randomization); this covariate also serves as a surrogate for the effect of aging. The primary (or core) set of covariates, which was always included in the model, included finasteride (0 = no finasteride, 1 = finasteride); age at enrollment (continuous); race (three categories: non-Hispanic white, black, and other, coded with two indicator variables using non-Hispanic white as the referent group); BMI (continuous); current smoking status (three categories: current, former, and nonsmoker, coded with two indicator variables using nonsmokers as the referent group); Physical Functioning score at enrollment (continuous); interaction between Physical Functioning score at enrollment and finasteride; Vitality score at enrollment (continuous); Bodily Pain score at enrollment (continuous); and an interaction term with time for each of these covariates. Secondary covariates included years of post-high school education (continuous, rescaled so that some college or vocational school = 1, college graduate or higher = 2), marital status (0 = single at enrollment, 1 = married or marriage-like relationship at enrollment), MET-hours of exercise walking per week (continuous), weekly total fat intake (in grams, continuous), diabetes (0 = no, 1 = yes), hypertension (0 = no, 1 = yes), AUA Symptom Index score (continuous), Sexual Activity Scale score (continuous), leg pain (0 = no, 1 = yes), and congestive heart failure (0 = no, 1 = yes). All possible subsets of secondary covariate main effects were generated with the restriction that if a covariate was included in a model, its interaction with time was always required to be included (and vice versa). Different variables had different levels of missingness; to compare the fit of these models fairly, a dataset with no missing values for all covariates was generated. The models were all fit on this "no missing values" dataset, and the best model was selected using the Bayesian Information Criterion (22) . To further examine the possible effects of finasteride on the three health-related qualityof-life-dependent variables, we examined higher-order interaction models, which were generated by simultaneously adding to each "best" model the two-way interactions of the covariate and finasteride and the three-way interactions of the covariate, finasteride, and time. These higher-order interactions did not statistically significantly improve the model fit: Bayesian Information Criterion values were higher (worse) and differences in log-likelihood were not statistically significant; all P-values were greater than .10.
Model Fit Assessments. Three mixed-effects models (23) with correlated random time slopes and intercepts were used to estimate the fixed effects of finasteride treatment, time, demographic, and comorbidity covariates for physical function, mental health, and vitality; depending on the outcome variable of interest, the participant's score at enrollment was included in that model. An interaction of finasteride with enrollment physical function was included in the physical function model; similar interaction terms were not required for the mental health and vitality outcome models, as they did not improve the model fit. The mixed-effects model also provided variance estimates describing participant differences in score curve trajectories (ie, variance estimates for individual slopes and intercepts).
Clinically Significant Predictors.
We adjusted the following continuous covariates by subtracting the population median from the unscaled value at enrollment: age, BMI, Mental Health score, Vitality score, Physical Functioning score, Bodily Pain score, Sexual Activity Scale, AUA Symptom Index, MET-hours walking, and weekly total fat intake. The intercept term in each of the three models could be interpreted as the health-related quality-of-life score for the "median man" at 6 months after randomization (ie, a man in the placebo arm of the PCPT who was a nonsmoker, nondiabetic, nonhypertensive, did not have congestive heart failure, was never married, had a high school education or less, had no leg pain, and median scores on all linear covariates at enrollment). To further assist in the interpretation of the model results, we re-expressed the mixed-effects model estimates in three ways. First, the interactions with time are described in cross-sectional fashion at three time points (time 0 = 6 months after randomization, and at 3.5 and 6.5 years after time 0 [4 and 7 years after randomization, respectively]). Second, we compared the effect magnitude relative to the natural variation among similar men (ie, the systematic variability for individuals who share the same covariate profile). To calculate an effect ratio, the mean Physical Functioning score for participants having the condition (eg, diabetes) was subtracted from the mean score for those not having the covariate or condition; the ratio of this difference to the SD in Physical Functioning true scores for men sharing a similar covariate profile produces the effect ratio. This SD is estimated from the square root of the between-person variance of the intercept (ie, the Physical Functioning score when time = 0) from the mixed-effects analysis. Third, we based the expected impact of health-related quality-of-life covariates on a 10-point change in health-related quality of life (24) .
According to the SF-36 manual, a sample size of 1364 persons with a repeated measures design has 80% power to detect a 2-point difference between two groups (eg, finasteride and placebo) in a Physical Functioning score change over time (eg, one group remaining stable over time, with the other declining as little as 2 Table 7 .4 in Ware et al. (14) ].
All analyses were done using SAS software; models were fitted with PROC MIXED in SAS (22) . All tests of statistical significance were two-sided; P-values less than .05 were considered statistically significant.
results
Participant Characteristics and Questionnaire Submission Rates
Demographic and clinical characteristics of study participants were similar between the finasteride and placebo arms ( Table 1) . At all nine time points, the submission rates for questionnaires with useable scores for the three primary health-related quality-oflife outcomes (Physical Functioning, Mental Health, and Vitality) exceeded 93% (Table 2 ). Questionnaire submission rates were less than 95% only at the 6-month postrandomization assessment (range = 93.9%-94.7%) ( Table 2) .
Health-Related Quality-of-Life Outcomes
Descriptive Results. Table 3 shows sample sizes, mean scores, and SDs by study arm at all time points for each of the three primary health-related quality-of-life outcomes; higher scores reflect better health-related quality of life. In both treatment arms, the Mental Health score increased and the Physical Functioning and Vitality scores decreased over time. However, there were no statistically significant differences in the mean scores for any SF-36 scale between the finasteride and placebo groups at any time point. We, therefore, highlight model results rather than these descriptive results because the models incorporate the effects of covariates. 
, 95% CI = −0.19 to 0.01, P = .08) had a statistically significant effect on Physical Functioning scores. The interaction of finasteride with the enrollment Physical Functioning score was statistically significant (estimate = 0.03, 95% CI = 0.01 to 0.05, P = .004). This finding indicates that although the intercept of each participant's curve over time was higher, on average, in the finasteride group than the placebo group, the difference depended on the enrollment Physical Functioning score. The finasteride main effect, finasteride interaction with enrollment Physical Functioning, and finasteride effect over time (interaction) were combined to calculate an overall finasteride effect on Physical Functioning, which was small (see "Discussion" below).
Although most of the regression coefficients were statistically significantly different from zero, the magnitudes of most effect estimates were small. The following covariates were associated with lower Physical Functioning scores and had larger effect estimates relative to other estimates such as the finasteride main effect: diabetes (estimate = −1.31, 95% CI = −2.04 to −0.57, P < .001; time interaction estimate = −1.04, 95% CI = −1.24 to −0.83, P < .001); hypertension (estimate = −0.73, 95% CI = −1.11 to −0.35, P < .001; time interaction estimate = −0.23, 95% CI = −0.34 to −0.13, P < .001); congestive heart failure (estimate = −5.64, 95% CI = −7.96 to −3.32, P < .001; time interaction estimate = 0.25, 95% CI = −0.44 to 0.94, P = .48); leg pain (estimate = −2.57, 95% CI = −3.04 to −2.10, P < .001; time interaction estimate = −0.15, 95% CI = −0.28 to −0.02, P =.03); and current smoking status at enrollment (estimate = −2.34, 95% CI = −2.97 to −1.71, P < .001; time interaction estimate = −0.49, 95% CI = −0.67 to −0.31, P < .001). In addition, participant time on study was also negatively associated with Physical Functioning scores (estimate = −1.20, 95% CI = −1.36 to −1.03, P < .001).
Although the mixed-effects model results for mental health and vitality were generally similar to those for physical function, some differences were observed (data not shown). Finasteride was not associated with change in the Mental Health score over time (estimate = −0.28, 95% CI = −0.48 to 0.07, P = .14; time interaction estimate = 0.02, 95% CI = −0.04 to 0.08, P = .43). The strongest positive predictors of Mental Health over time were enrollment marital status (estimate = 1.28, 95% CI = 0.86 to 1.70, P < .001), the Mental Health score at enrollment (estimate = 0.43, 95% CI = 0.41 to 0.44, P < .001; time interaction estimate = −0.01, 95% CI = −0.02 to −0.01, P < .001), Bodily Pain scores at enrollment where higher scores reflect less pain (estimate = 0.06, 95% CI = 0.05 to 0.07, P < .001), enrollment Vitality score (estimate = 0.04, 95% CI = 0.03 to 0.05, P < .001), and enrollment Physical Functioning score (estimate = 0.03, 95% CI = 0.02 to 0.04, P < .001). The strongest negative predictors of Mental Health scores over time were current smoking at enrollment (estimate = −1.42, 95% CI = −1.98 to −0.86, P < .001), diabetes (estimate = −0.78, 95% CI = −1.39 to −0.17, P = .012; time interaction estimate = −0.29, 95% CI = −0.42 to −0.16, P < .001), the AUA Symptom Index (estimate = −0.14, 95% CI = −0.17 to −0.11, P < .001), and the Sexual Activity Score (estimate = −0.037, 95% CI = −0.045 to −0.030, P < .001).
Finasteride was not associated with change in the Vitality score over time (estimate = −0.05, 95% CI = −0.38 to 0.28, P = .807; time interaction estimate = 0.01, 95% CI = −0.07 to 0.09, P = .083). Positive predictors of change in the Vitality score were black race (estimate = 1.86, 95% CI = 0.96 to 2.76, P < .001), marital status (estimate = 1.11, 95% CI = 0.60 to 1.63, P < .001; interaction with time estimate = 0.23, 95% CI = 0.11 to 0.35, P < .001), the Vitality score at enrollment (estimate = 0.57, 95% CI = 0.56 to 0.59, P < .001; interaction with time estimate = −0.007, 95% CI = −0.010 to 0.003, P < .001), enrollment BMI (estimate = −0.09, 95% CI = −0.13 to −0.05, P < .001; interaction with time estimate = −0.02, 95% CI = −0.03 to −0.01, P < .001), enrollment Physical Function score (estimate = 0.07, 95% CI = 0.06 to 0.08, P < .001), enrollment Bodily Pain score (estimate = 0.06, 95% CI = 0.05 to 0.07, P < .001), MET-hours of walking at enrollment (estimate = 0.04, 95% CI = 0.03 to 0.05, P < .001). Negative predictors of change in the Vitality score were current smoking at enrollment (estimate = −1.81, 95% CI = −2.45 to −1.18, P < .001; time interaction estimate = −0.27, 95% CI = −0.42 to −0.12, P < .001); enrollment leg pain (estimate = −1.61, 95% CI = −2.08 to −1.13, P < .001); diabetes at enrollment (estimate = −1.58, 95% CI = −2.32 to −0.83, P < .001; time interaction estimate = −0.63, 95% CI = −0.81 to −0.46, P < .001); hypertension (estimate = −0.82, 95% CI = −1.21 to −0.44, P < .001); AUA Symptom Index score (estimate = −0.24, 95% CI = −0.27 to −0.20, P < .001); enrollment Mental Health score (estimate = −0.07, 95% CI = −0.09 to −0.06, P < .001); and enrollment Sexual Activity Scale score (estimate = −0.04, 95% CI = −0.05 to −0.03, P < .001).
Cross-sectional Perspective: Physical Function. Because the unfamiliar metrics and model complexity make it difficult to understand the practical meaning of estimates from mixed-effect models, in Table 5 we provide additional interpretations of these data. To understand how interactions with time modified the effects of covariates, we chose three time points: T = 0 (ie, 6 months after randomization), T = 3.5 years after baseline (ie, 4 years after randomization), and T = 6.5 years after baseline (ie, 7 years after randomization). At each time point, we combined the respective covariate and interaction effects to yield a cross-sectional perspective. We calculated our estimates to reflect clinically meaningful differences. For example, a clinically meaningful difference is presence or absence of a comorbidity (ie, diabetes, hypertension, or congestive heart failure). For some linear covariates (eg, BMI or age), a 1-unit difference is clinically meaningful. However, a 1-point difference on an SF-36 scale is clinically negligible. A 10-point difference has been previously documented as clinically meaningful for 0-100 scales (24) . Therefore, estimates in Table 5 for the SF-36 scales are multiplied by 10 to display the effect of a 10-point difference.
Finasteride was not statistically significantly associated with the Physical Functioning score at any of the three time points (Table 5) . Having diabetes at enrollment was associated with an 8.06-point decrease in the Physical Functioning score at 6.5 years after randomization (95% CI = −9.37 to −6.75, P < .001). Being on study for 7 years was associated with 7.77-point decrease in the Physical Functioning score by the end of the study (95% CI = −8.87 to −6.67, P < .001). Being a current smoker at enrollment was associated with a 5.53-point decrease in the Physical Functioning score at 6.5 years after randomization (95% CI = −6.67 to −0.53, P < .001). Congestive heart failure, leg pain, and hypertension at enrollment were associated with 4.01-point (95% CI = −8.40 to 0.38, P = .073), 3.54-point (95% CI = −4.36 to −2.72, P < .001), and 2.26-point (95% CI = −2.93 to −1.59, P < .001) decreases, respectively, in Physical Functioning scores at 6.5 years after randomization.
Variability among individual participants in Physical Functioning score was high: the SD of individual intercepts (estimated by maximum likelihood) was approximately 8.92. This is the amount by which a typical man's expected Physical Functioning score would differ from the average Physical Functioning score for all similar men (those sharing the same treatment assignment, enrollment, Physical Functioning level, and other covariate values). The estimated difference between any two randomly chosen men with the same covariate profile is 12.62 points in Physical Functioning score. Even some of the larger effects (such as the −5.53-point effect at 6.5 years after randomization of being a current smoker at enrollment) are small compared with this systematic inter-individual variability. To expand on the importance of considering inter-individual variation in clinical trial results (25) and to provide context for interpreting the clinical importance of the covariates associated with self-reported physical function, we include Figure 2 , which compares the relative expected impacts of covariates on Physical Functioning scores at 6 months after randomization (T = 0) with that at 7 years after randomization (T = 6.5 years).
In addition, in Table 5 we also present the semistandardized effect sizes for dichotomous covariates as a ratio of the estimate to the SD of the random intercept term (this SD scales systematic variability across individuals who share the same predictor profile). This effect ratio is an estimate of how large the average cross-condition effect is compared to the amount a typical patient systematically differs from the within-condition (those who shared a predictor profile) average. The magnitudes of the ratios for the effect of finasteride on Physical Functioning scores over time were very small (effect ratios of 0.01, −0.02, and −0.05 at the three time points), reflecting the clinically unimportant effect of finasteride on Physical Functioning scores. By contrast, 6.5 years after randomization, the effect ratio for having diabetes at study enrollment was −0.90, which is a clinically large effect on Physical Functioning scores (26) . Current smoking at enrollment had a moderate effect on Physical Functioning scores, with an effect ratio of −0.62 at 6.5 years after randomization. Both of these variables were more important over time than having other JNCI | Articles 1381 jnci.oxfordjournals.org This variation is statistically significant but negligible in real terms. ‖ Estimate represents the expected effect on the Physical Functioning score of a 10-point difference in this covariate at enrollment. ¶ See Table 4 for variable categories. comorbidities at study enrollment with moderate to small effect sizes over time, such as leg pain (effect ratio = −0.45).
Discussion
In this study, we found that taking finasteride over a 7-year period did not affect any of the three primary health-related qualityof-life domains-physical function, mental health, or vitalityeither positively or negatively. Other medical and behavioral variables, such as comorbidity status and being a current smoker at study enrollment, had the largest effects on physical function. The findings from the study entry health-related quality-of-life profile for PCPT participants also provided early indication of the negative impact of comorbid medical conditions (particularly diabetes) on Physical Functioning scores at study entry. However, covariate effects for the 7-year trial period were smaller than differences observed between any two men with similar covariate profiles, indicating that natural sources of variation were a major source of differences in reported Physical Functioning scores. , of study covariates as well as individual differences (expected difference between two "similar" men and the expected deviation from "similar" men). Individual differences pertain to systematic variation in Physical Functioning among patients sharing the same covariate profile (including receipt of finasteride). Effects on Physical Functioning are also shown at T = 6.5 (7 years after randomization). Covariates associated with a negative impact on Physical Functioning scores are preceded by a minus sign (−) and those associated with a positive impact on Physical Functioning scores are preceded by a plus sign (+).
To put our results in perspective, it is important to keep in mind that the PCPT enrolled healthy men (11) interested enough in preventing cancer that they committed to a 7-year trial that addressed the value of finasteride as a preventive agent. Finasteride resulted in a 25% reduction in the 7-year prevalence of histologically proven prostate cancer (9) . Although the initial results (9) revealed a higher prevalence of high-grade prostate cancer in men who were randomly assigned to receive finasteride compared with men who received placebo, a later analysis that adjusted for several biases found that finasteride did not increase the risk of high-grade prostate cancer (27) . However, it is also important to include health-related quality-of-life outcomes in primary cancer prevention trials to ensure that preventative agents do not negatively impact the quality of life in healthy men, as noted by Rowland et al. (28) . To this end, we included the SF-36 measure of health-related quality of life in the PCPT as well as two measures of sexual function (the Sexual Activity Scale and Sexual Problems Scale), because a decrease in sexual function was a known side effect of taking finasteride (7, 9) . In a previous publication (10), we examined the effects of finasteride on the Sexual Activity Scale and found a very small effect of finasteride on this scale that decreased over time and was much smaller than the typical variability observed between men sharing a similar covariate profile.
Finasteride is approved for the treatment of benign prostatic hyperplasia (29) . PCPT participants in the finasteride arm reported a 40%-44% reduction in incident, symptomatic benign prostatic hyperplasia compared with men who received placebo (30, 31) . These lower urinary tract symptoms have been associated with more falls in men (32) . Benign prostatic hyperplasia symptoms are also associated with reduced health-related quality of life (33, 34) . These findings suggest that the use of finasteride to control benign prostatic hyperplasia symptoms may have health-related quality-oflife benefits that were not measured in the PCPT. Taken together with the other findings discussed above, our results indicate that finasteride is a low-risk preventative agent with minimal impact on health-related quality of life.
A possible limitation of this study is that health-related qualityof-life data were not collected from participants who went off study (either temporarily or permanently). However, we conducted two sets of analyses to evaluate the impact of missing data on healthrelated quality-of-life estimates and found that both estimates were similar to those generated for participants with all follow-up assessments.
In conclusion, taking finasteride for 7 years did not appear to harm general aspects of health-related quality of life. Mean SF-36 scores for PCPT participants receiving finasteride were very similar to those for participants receiving placebo at 7 years; however, participants who had comorbid medical conditions at study enrollment reported compromised health-related quality of life (11) , and this relationship between comorbidity status and health-related quality of life persisted over time. Our results show that natural sources of variability in this heterogeneous population and comorbidity status at study entry, particularly diabetes and current smoking status, had a greater clinically relevant impact on the Physical Functioning score than did finasteride treatment. Our findings reinforce the need to consider individual differences in age, time on study, smoking status, and medical comorbidities when evaluating the effect of different preventive interventions on health-related quality of life. 
